In this research, three variance ratio tests; namely the standard variance ratio test, the wild bootstrap multiple variance ratio test, and the non-parametric rank scores test are adopted to test the random walk hypothesis (RWH) of stock markets in Middle East and North Africa (MENA) region using most recent data from January 2010 to September 2012. The empirical results obtained by all three econometric tests show that the RWH is strongly rejected for Kuwait, Tunisia, and Morocco. However, the standard variance ratio test and the wild bootstrap multiple variance ratio test reject the null hypothesis of random walk in Jordan and Kingdom of Saudi Arabia (KSA), while non-parametric rank scores test do not. We may conclude that Jordan and KSA stock market are weak efficient. In sum, the empirical results suggest that return series in Kuwait, Tunisia, and Morocco are predictable. In other words, predictable patterns that can be exploited in these markets still exit. Therefore, investors may make profits in such less efficient markets.
Introduction
The Efficient Markets Hypothesis (EMH) (Fama, 1970 (Fama, , 1998 states that current stock prices reflect all available information about individual stocks and about the stock market as well. In other words, stock prices adjust rapidly to the arrival of new information. Therefore, neither technical analysis, which is based on the study of historical prices nor fundamental analysis which is based on the analysis of financial information help investors predicting future prices. As a result, the EMH implies that stock returns are not forecastable; thus investors could not generate profits. The EMH is closely related to the concept of random walk hypothesis (RWH) that characterizes a price series where all subsequent price changes represent random departures from previous prices (Malkiel, 2003) . In particular, the RWH is a straightforward approach to evaluate the predictability of stock returns, and the rejection of the RWH indicates that future returns can be predicted based on past prices. Indeed, the weak-form of the EMH implies that future equity prices are not predictable based on past prices.
Since the work of Fama (1970) , several studies have shown that stock price returns in the United States do not follow a random walk and are not normally distributed, including Fama and French (1988) , Lo and MacKinlay (1988) , and Mukherji (2011) , among others. With the integration of international stock markets, the understanding of efficiency in emerging financial markets has become more important. Indeed, many recent studies examined the validity of the RWH in emergent economies including Brazil (Ely, 2011) , Africa (Collins et al., 2011) , China (Chong et al., 2012) , India (Gupta and Basu, 2007) , and Portugal (Borges, 2011) . They reported unconformity with random walk hypothesis. Besides, a series of studies have contributed to the study of market efficiency in Middle East stock markets. For instance, Smith (2007) employed the variance ratio test (Lo and MacKinlay, 1988) methodology and found evidence of the RWH in Jordan. On the other hand, studies that present counter evidence include Al-Loughani (1995), Abraham et al. (2002) , Al-Khazali et al. (2007) , Smith (2007) , and Al-Ajmi and Kim (2012) who rejected the RWH in Kuwait and Saudi Arabia based on the variance ratio test results. Table 1 provides an overview of previous works using data from the Middle East and North Africa (MENA) region. The purpose of this study is to re-examine the RWH in North Africa and Middle East (MENA) stock markets using most recent data. Indeed, with recent international financial crisis and Arab Spring it would be interesting to shed light on the random walk behaviour in MENA region. The sample includes Morocco, Tunisia, Egypt, Jordan, Kuwait, and Saudi Arabia. The standard variance ratio test and its variants are used to determine whether stock price history information is fully reflected in current stock price.
The structure of this paper is as follows: Section 2 describes the econometric tests used in the study. Section 3 presents the data and the empirical results. Finally, Section 4 concludes this empirical work.
Econometric approach
The returns are computed as the logarithmic difference between two consecutive prices in a series. For instance, the returns r t are computed as follows:
where p t is the price at date t. This form of computing returns is a measure of continuously compounded rates of returns. More importantly, it allows de-trending the series and making them stationary. In other words, the obtained series r t are stationary.
Variance ratio test
The variance ratio test (VR) which is proposed by Lo and MacKinlay (1988) is the most popular econometric approach to check whether asset prices are predictable. The VR is based on the premise that if the returns r t are purely random, then the variance of k-period return is k times the variance of one-period return. Hence, under the null hypothesis that the returns follow a random walk, the variance ratio of k-differences VR(k) should tends to unity, that is, the variance of the k-differences increases linearly with the difference k. the VR is given by:
Lo and MacKinlay (1988) showed that if r t are independent and identically distributed (homoskedastic random walks), then under the null hypothesis that VR(k)=1, the test statistic M hom (r;k) follows the standard normal distribution asymptotically. It is given by:
where T is the sample size. Since in general financial time series -including stock returns-exhibit conditional heteroskedasticity, Lo and MacKinlay (1988) proposed a heteroscedasticity robust test statistic M het (r;k) which follows the standard normal distribution asymptotically under null hypothesis that VR(k)=1. It is given by: In this study, both the individual and joint versions of the VR test are employed. The former tests the null hypothesis VR(k)=1 for a particular holding period, whilst the latter tests the null hypothesis over a number of different periods (k). Kim (2006) suggested using the wild bootstrap technique (Mammen, 1993) to improve the small sample properties of variance ratio tests. In addition, this methodology eliminates the arbitrary choice of the holding periods (k). The wild bootstrap algorithm is based on three stages: 
VR Wild bootstrap
a) Formnumber of replications is set to 1000. Finally, as suggested by Kim (2006) the standard normal distribution is used for η.
Rank scores
Wright (2000) proposed a run test to check whether successive returns are independent as should happen under the null hypothesis of a random walk. Let s(r t ) be the rank of the return series r t among all T values. Then, the standardized rank score s 1t (with sample mean zero and sample variance 1) and Van Der Waerden rank score s 2t (with sample mean zero and sample variance approximately 1) are defined as follows:
where, Φ is the standard normal cumulative distribution function of a random variable x. it is given by:
The test is based on the statistic R 1 under the null hypothesis of homoskedastic random walks, and the statistic R 2 under the null hypothesis of heteroskedastic random walks. The statistics R 1 and R 2 are defined as follows: As shown in Wright (2000) , these statistics follow an exact distribution under the assumption that VR(k)=1.
Data and empirical results
The dataset used in the econometric analysis includes stock market prices of Jordan from January 3 Fig. 1 exhibits the price level of each stock market. The results for the random walk tests using the variance ratio (VR), VR using wild bootstrap, and rank scores are presented in Table 1 (Jordan, Kuwait, KSA), and Table 2 (Tunisia, Morocco).
The null hypothesis is that the returns (differences of log prices) follow a random walk. All tests are applied to the whole sample (joint test) and also for arbitrarily chosen k = 2,4,8,16. For convenience, only variance ratios and their respective p-values are provided. All tests are conducted based on the hypothesis that all stock returns in all markets exhibit conditional heteroskedasticity. Thus the appropriate statistics are computed; particularly those given in equations (4) and (11). This assumption is more realistic and leads to valid statistics. As show in Table 2 , the random walk hypothesis (RWH) is rejected at the 5% significance level for Jordan using all tests for k=2,4,8, but not for k=16. In addition, only the ranks score joint test rejects the null hypothesis at the 5% significance level. For Kuwait, all categories of tests (both individuals and joints) strongly reject the null hypothesis of RWH at 5% significance level. Finally, based on individual and joint tests the empirical tests show that both the variance ratio (VR) and the VR using wild bootstrap tests do not reject the null hypothesis of the random walk for KSA at 5% significance level. However, the RWH hypothesis is not rejected at 5% significance level using individual and joint ranks scores tests, except for k set to16. Finally, empirical results in Table 3 show that the random walk hypothesis is rejected at the 5% significance level for Morocco using all tests for k=2,4, but not for k=8,16. In addition, all joint tests strongly reject the null hypothesis of RWH at the 5% significance level. For Tunisia, all categories of tests (both individuals and joints) strongly reject the null hypothesis of random walk at 5% significance level, except the standard VR and VR using bootstrap test for k set to 8 and 16. In sum, the empirical results show that the stock returns in Kuwait, Tunisia and Morocco do not follow a random walk based on all joint tests; thus they are predictable. On the other hand, the stock returns in Jordan and KSA follow a random walk based on VR and VR using wild bootstrap tests. Thus they are not predictable according to the joint form of these tests. However, the p-values of the rank scores test indicate that stock returns in Jordan and KSA do not follow a random walk; thus they are predictable according to this test. In general, like recent studies (Collins et al., 2011; Al-Ajmi & Kim, 2012 ) that used post-2010 data, our findings show that return series are generally predictable in MENA stock markets; particularly for Kuwait, Tunisia, and Morocco.
Conclusion
The random walk hypothesis (RWH) is useful to test the predictability of stock returns in the context of weak-form efficiency of financial markets. Therefore, the rejection of the RWH indicates that past prices can be used to predict future returns. The variance ratio (VR) test is adopted to test the RWH in five stock markets of MENA region; namely Jordan, Kuwait, Kingdom of Saudi Arabia (KSA), Tunisia, and Morocco. Three variants of the VR test are considered including the Lo-MacKinlay's (1988) standard variance ratio test, Kim's (2006) wild bootstrap multiple variance ratio test, and Wright's (2000) non-parametric rank scores. The empirical results show strong evidence of two findings. First, stock returns in Kuwait, Tunisia, and Morocco stock markets are predictable. In other words, investors may use past prices to predict future returns and make profits in these market. Second, the null hypothesis of random walk is rejected in Jordan and KSA. This result indicates that stock markets in Jordan and KSA are weak-form efficient.
